Given the heterogeneity of HIV rates and risk in different provinces, province-specific estimates and projections of HIV/AIDS might be crucial for a better understanding of the epidemic in China. This paper takes a first step towards a better understanding of the contribution of each provincial epidemic to the national epidemic, and about how this 
Introduction
During the past decade, HIV/AIDS has emerged as one of the leading challenges for public health in China. Although the epidemic is still in an early phase and remains largely concentrated among few sub-population groups at highest risk (particularly injecting drug users and sex workers), according to the latest estimates of the Chinese government and other international organizations there are between one and six million people currently infected with HIV (Xinhua News Agency, November 20, 2002; UNAIDS 2002a; WHO 2002a WHO , 2002b National Intelligence Council 2002; New York Times, June 28, 2002; Human Rights Watch 2003) . More serious is the fact that several factors-such as the growing HIV epidemics among injecting drug users and sex workers, a highly mobile population, and the increase in sexually transmitted infections-indicate that HIV/AIDS might soon unfold through sexual transmission to the general public. In a generalized epidemic 1 , HIV will spread among individuals who do not belong to any specific risk group, nor engage in any specific high risk behavior (UNAIDS 2002a: 70) .
Because of the potential severity of the HIV/AIDS epidemic in China, there have been several initiatives aimed at projecting its future course (e. This paper takes a first step towards a better understanding of the contribution of each provincial epidemic to the national epidemic, and about how this contribution might evolve over time, by presenting a set of estimates and projections of HIV/AIDS from 2000 to 2020 in Yunnan province. Yunnan-which is located in the south-west of China, along the border with Thailand and Myanmar-is the "birth place" of the HIV/AIDS epidemic in China (Sun et al. 1994 ) and today one of the worst-affected provinces, which accounted for about half of China's HIV-infected population at the end of 2000 (National
HIV Sentinel Surveillance Group 2001). Yunnan represents an interesting case-study
because the sexual transmission of HIV is already well-established, and there is evidence of an emerging generalized epidemic among pregnant women attending antenatal clinics, whereas in all other Chinese provinces the epidemic remains still concentrated among the high-risk population (Xiaobo et al. 2002; Hesketh et al. 2003; US Census Bureau 2003) .
Yunnan therefore permits tracing the possible evolution of HIV/AIDS in other provinces, as well as nationwide, if HIV spreads from high-risk groups to the general population.
Patterns and Trends of HIV/AIDS in China
The lack of scientifically valid data has introduced a large margin of error in current estimates of the HIV/AIDS epidemic in China. Although an official figure indicates that 3 UNAIDS, as part of its regular work, does not make provincial estimates of adult infections, only national level estimates. The number of HIV infections and AIDS cases for individual Chinese provinces is generally calculated by distributing the national total according to the current HIV prevalence in each province (WHO 2002b: 45 2003: 2) . This is the case in every country, but it might be particularly so within a huge and populous nation such as China, whose health and mortality profile varies greatly by province (Banister 1987; Hao, Arriaga and Banister 1988; Hao 2000; Wolf et al. 2003) .
[ Table 1 about here] (Sun et al. 1994) . HIV entered Yunnan from women who had returned from Thailand after working as commercial sex workers there. Research on the genetics of HIV has shown that HIV then spread along the main drug routes from
Yunnan through Sichuan and Gansu to Xinjiang, as well as from Yunnan eastwards to Guangdong province (for a review of this research, see Yang et al. 2002) .
The future evolution of each epidemic depends on the extent to which HIV will spread among high-risk groups, and from high-risk groups to the general population.
Sentinel surveillance data indicate that bridging of the two primary risk populations, the Preliminary draft -Please do not cite without author's permission drug users and the sex workers, has not occurred fully yet (Zhang and Ma 2002) .
Surveillance data clearly show the discrepancy of HIV prevalence between the two (see Table 1 ). In all provinces, the HIV infection rate ranges from 0. (Xiaobo et al. 2002) . A pilot study of about 10,000 people attending the mandatory premarital examination at four selected sites in Yunnan province revealed a HIV prevalence of 0.75 percent in 2002 (Hesketh et al. 2003) . A study in 2001 also revealed that the HIV prevalence in unlinked sample of high-level epidemic region had already passed the 1 percent mark (Xiaobo et al. 2002) .
The emerging generalized epidemic in Yunnan province provides a unique opportunity to evaluate the spread of HIV/AIDS at the sub-national level in China. It allows the estimation and projection of HIV/AIDS on the tenable assumption of heterosexual epidemics, thus greatly diminishing the error related to estimating the size of high-risk groups. 6 In addition, it permits tracing the possible evolution of the HIV/AIDS epidemic in other provinces, as well as nationwide, if HIV unfolds from highrisk groups to the general population.
Data and methods

Methods
The provincial estimates and projections for Yunnan province required three basic steps.
First, time series of point prevalence estimates were constructed by using available serological data for pregnant women attending antenatal clinics. The second step involved using a simple epidemiological program developed by UNAIDS (EPP, Epidemic Projection Package 7 ) to determine-on the basis of the prevalence estimates-the epidemic curve that best described the spread of HIV in the province. The final step relied on another computer program developed by UNAIDS (Spectrum) to read the prevalence projections produced by EPP and compute, on the basis of population estimates from the 2000 census, estimates of HIV incidence and AIDS-related mortality between 2000 and 2010 ( Figure 1 ). The specific procedures followed in each step and the data used for the present analysis are described in the next sections.
[ Figure 1 about here]
Constructing time series of HIV prevalence
The sources of information that can be used to estimate the number of people living with HIV/AIDS depend on the type and pattern of the epidemic, the coverage of the surveillance system, and the quality of the surveillance data.
Assumptions on the type and pattern of the epidemic. First, some basic presumptions about the nature of the HIV/AIDS epidemics in Yunnan province had to be made. These particular assumptions affect all subsequent calculations-but the only truly critical one considered in the present analysis was that in Yunnan the epidemic would be essentially heterosexual in nature. As it has been discussed earlier in this paper, this assumption is consistent with the available evidence.
designed to take advantage of the much larger number of sites and years for which surveillance data is now available in many countries (UNAIDS Reference Group on Estimates, Models and Projections 2002). Despite its limitations, EPP, as EPIMODEL, continues to provide an attractive option because it requires more easily obtainable data than bio-behavioral models and presents a more satisfactory modeling alternative to other simple models (Heuveline 2003: 219) .
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The sentinel surveillance system. Seroprevalence data are the most widely available epidemiological data on HIV/AIDS in China. HIV/AIDS notification data represent only a fraction of new cases and are subject to serious problems of misreporting and underreporting, which, in turn, reduces the reliability of information on HIV/AIDSattributable mortality. Bureau in its HIV/AIDS Surveillance Database, which is the data source used for the present analysis (Table 2 ).
9
[ Table 2 [ Figure 2 and The model requires six demographic parameters to fit the surveillance data 10 : the fraction of the population aged 15 and above; the sex ratio for the population aged 15 and above; the birth rate per adult aged 15 and above; the proportion of number children who would survive to age 15 in the absence of any AIDS deaths; the proportion of adults aged 15 or above that dies each year due to causes other than AIDS; the estimated annual growth rate of the adult population aged 15 or above. All these parameters were calculated on the basis of the 2000 census data, and are summarized in Table 4 .
[ Table 4 about here]
The additional parameter required by the EPP model to fit the epidemiological data is the beginning year of the epidemic in Yunnan province. The start year of the HIV/AIDS epidemic is one of the parameters that determine the shape of epidemic curve: an earlier start year will cause the curve to rise earlier and a later start year will produce a curve that 10 This information is used together with model patterns prepared by the UNAIDS Reference Group that describe the progression from infection to death, the distribution of infection by age and sex, transmission from mother-to-child and the effect of HIV infection on fertility (UNAIDS Reference Group on Estimates, Models and Projections 2002). therefore identified three scenarios for the disease, which I termed "severe", "intermediate", and "mild" (Figure 3 ). In the first scenario, mean adult HIV prevalence exhibits an increasing trend until it peaks in 2020 at 11.4 percent; in the second scenario, HIV prevalence peaks in 2015, reaching 3.7 percent; and in the last scenario, the epidemic curve peaks early in 2010, at 1.5 percent. It will be discussed later how these different scenarios fall within the current expectations of informed independent observers about the future course of the epidemic at the national level.
[ 
Results and discussion
HIV/AIDS estimates for Yunnan province, 2000
According to the EPP estimates, in 2000 HIV prevalence among the general population in
Yunnan province was 0.5 percent (see Figure 3) , which translated into 120,000 HIV infections (Table 5a) (Table 5a and 5b). The corresponding death toll ranges from 80,000 to 350,000 deaths by 2020 (Table 5c ).
[ Table 5a , 5b and 5c about here]
One way of putting those hypothetical trajectories in perspective is to compare them with existing estimates of HIV prevalence for other countries or regions.
The most pessimistic scenario considered in the present analysis posits an eventual adult HIV prevalence rate in Yunnan province alone as high as those in the so-called "low scenario" modeled by the U.S. Census to describe possible future HIV paths for urban Africa (US Census Bureau 1999, Table B In the mild epidemic scenario, the prevalence rates presumed for Yunnan's HIV epidemic reaches the levels estimated to characterize pregnant women in contemporary Thailand, where HIV prevalence among ANC peaked at slightly over 2 percent in the mid-1990s and has been slowly decreasing to about 1.5 percent in 2000.
Inescapably and necessarily, every one of these scenarios is speculative. The actual trajectory of Yunnan's HIV epidemic in the years ahead will be established by patterns and mechanisms of transmission, the prevalence of risky behaviors and practices among the general public, and the efficacy of the Chinese government's anti-AIDS strategiesquantities today unknown. However, each scenario considered in this paper can be seen to comport with HIV prevalence rates well within the contemporary historical experience of other societies, and especially within the historical experience of neighboring East Asian countries.
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Implications for estimates and projections of HIV/AIDS in other Chinese provinces
The epidemic curve estimated for Yunnan province can be used as a model for the trajectory of HIV/AIDS in other Chinese provinces (as the infection spreads from highrisk groups to the general populations), depending on the year at the onset of the epidemic but especially on the specific fertility and mortality conditions in the absence of AIDS.
In order to illustrate this point, let us consider Xinjiang province. Sentinel surveillance detected an emerging generalized epidemic among pregnant women in 1998, at about the same time as in Yunnan province. HIV prevalence in ANC peaked at 1.5 percent at the end of 1999 (US Census Bureau 2003). 13 In 2000, Xinjiang had slightly lower fertility than Yunnan (the TFR was 1.5 and 1.8, respectively), but considerably lower baseline mortality (life expectancy at birth was 71.9 years for males and 74.4 years for females in Xinjiang, and 65.9 years and 68.7 years, respectively, in Yunnan). The impact of these differences for HIV infections and AIDS deaths can be seen in Figure 4 and 5. Assuming the same epidemic curve of Yunnan province, in all three scenarios considered the underlying mortality conditions in the two provinces translate into a twice as high number of HIV infections and AIDS deaths in Yunnan as compared to Xinjiang.
[ Figure 5 and 6 about here]
This example highlights the heterogeneity of mortality risks due to AIDS across Chinese provinces, and the importance of provincial estimates and projections of HIV/AIDS for a better understanding of the epidemic at the national level.
13 See footnote 5.
Implications for nationwide projections of HIV/AIDS
What inferences can be made from the results of the present analysis about the course of the national HIV/AIDS epidemic in China? The answer to this question crucially depends on assumptions about the proportion of HIV infections in Yunnan province as percentage of the national total.
[ Table 6 about here]
Let us consider the four situations presented in Table 6 for illustrative purposes. Chinese provinces, sentinel surveillance sites were initially chosen in areas believed to be of higher risk or showing higher prevalence, as an early warning system. This would tend to overestimate the prevalence. Policy reforms are needed to improve the ability to collect 14 A detailed discussion of the general limitations of estimates and models of HIV and AIDS based on the EPP model can be found in Schwatlander et al. 1999. unbiased, representative surveillance data, and will allow the government of China to respond to the HIV epidemic with more accurate and timely information on the true magnitude and diversity of the HIV epidemic.
An additional limitation of the estimates and projections presented in this paper is that they rely on the crucial assumption that HIV prevalence in pregnant women can be used as a surrogate for HIV prevalence in the total 15-49 years old population. Although several studies have shown that this is generally the case in Sub-Saharan Africa (for a review, see: Zaba et al. 2000a Zaba et al. , 2000b , this assumption has not been validated for Asian populations. This, however, might be an important source of bias particularly in China, where fertility is low and therefore women attending antenatal clinics might be an extremely biased sample of the general adult population. Improvements in our knowledge of the epidemic will allow refinement of the methodologies and increased precision of future estimates.
Conclusions
Although accurate country-level estimates and the tracking of regional prevalence trends are essential components of advocacy for international HIV/AIDS efforts, accurate estimates at the sub-national level are equally important for national advocacy, planning, and evaluation purposes. At present, China's capacity to collect and undertake careful analysis of surveillance data for each of its provinces and put them into a consistent local modeling framework is limited. The estimates and projections presented in this paper are There are, however, shortcomings with the current system of monitoring the epidemic in Yunnan province, and improvements in the surveillance system are needed especially to ensure equal coverage of urban and rural areas. In addition, further research is needed to validate for Asian populations the crucial assumption that HIV prevalence in pregnant women can be used as a surrogate for HIV prevalence in the total 15-49 years old population. This will permit increased precision of future estimates.
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